Background. Embodied finger counting has been shown to have cross-cultural differences in previous studies (Lindemann, Alipour, & Fisher, 2011; Soto & Lalain, 2008). However, their results were contradictory in reference to Western populations with regard to the hand preferred: The first study showed that in Western countries -Europe and the United States -participants preferred to start with the left hand (whereas in the Middle East -Iran -they used the right hand); the second study showed that participants in France preferred the right hand.
Introduction
mentioned that little attention had been paid to movement control in psychological research, naming this area the "Cinderella of Psychology, " and urging that it play a more important role in the future. Whereas linguistic tests encounter problems with exact interpretation when translated into other languages or if they are missing values describing context with regard to different cultural views and perceptions, movements are more universal and less biased when we wish to compare results in cross-cultural studies. On the one hand, movements can follow an unconscious pattern when a person selects the optimal way to do something (Rosenbaum et al., 1991) , sometimes even the same way in humans and animals. On the other hand, movements are related to perception, emotion, and cognition, in that there are individual differences (Rosenbaum et al., 2012; Liutsko et al., 2012; Iglesias et al., 2014; Liutsko et al., 2015) .
Since culture and ethnicity are complex constructs and should not be manipulated to look for "superiority" in comparisons, it has been suggested to compare variables that are distinct in these cultures and thus to consider cultural differences as a set of variables of individual differences (Gasquoine, 1999) . Previous studies have shown some individual differences between representatives of different cultures in fine motor skills and memory (Gutchess & Indeck, 2009 ), among others. The better performance in fine motor skills and math in East AsianAmerican children was found to be significant, thus showing the predictive relationship of the construct in motor skills and math achievements (Luo et al., 2007) .
Cultural differences in neuropsychological assessment are very important in occupational therapy and psychological work (Chui et al., 2007) . In general, numerosity was found to have a similarity in the neural code across species (Piazza & Izard, 2009 ). However, in finger counting habits from 1 to 10, Lindemann, Alipour, and Fisher (2011) reported differences between Middle Eastern (Iranian) and Western individuals (European and American) that resulted in clear cross-cultural differences in the hand and finger starting preference. Whereas the first group preferred to start counting with the right hand and preferred to map the number 1 to their little finger, the second group preferred the left hand and the thumb. Another study in a French population aged 4 to 24 (Sato & Lalain, 2008) , independently of the age group, revealed a strong tendency to use first the right hand to count from 1 to 5 and then the left hand to count from 6 to 10.
The embodied cognition framework revealed that neural systems for perception and action were engaged during higher cognitive processes; thus it was shown in fMRI studies that individual finger-counting habits modulate motor cortex activation to number processing (Tschentscher et al., 2012) and spatial-numerical associations (Fischer, 2008; Fischer & Brugger, 2011) . Moeller et al. (2012) evaluated whether the concept of embodied numerosity should be generalized beyond finger-based representations, with particular focus on whether bodily-sensory experiences (such as moving the whole body along the mental number line) may correlate with numerical capabilities. In a previous review , they discussed the results of various studies that revealed an important debate between neurocognitive researchers and mathematics education researchers concerning finger-based strategies for numerical development. They also mentioned that some recent studies supported the hypothesis that children with good finger-based numerical representations show better arithmetic skills and that training finger gnosis, or "finger sense, " enhances mathematical skills , including in adults, supporting the general idea that abstract cognition in adults may at least partly be rooted in our bodily experiences (Klein et al., 2011) .
Crow and colleagues, describing the effects of handedness on academic performance in children (age 11), did not report any differences between right-handers and left-handers, but they mentioned some deficits in extreme right-handers and more substantial deficits with relatively similar hand use (ambidexters), those who were "at the point of hemispheric indecision" (Crow et al., 1998) .
A study by Domahs et al. (2010) supported the idea that finger-counting habits affect how numbers are processed, with the assumption that this effect is culturally modulated. Bender and Beller (2012) argued that the different types of finger counting all constitute distinct representational systems and explored the cognitive implications of their properties, such as encoding information and representation, ease of learning and mastering a system, and memory retrieval and cognitive load, with suggestions for future research in the field of embodied cognition.
The aim of our exploratory study was to observe qualitatively the patterns by which children use their fingers in counting with regard to hand dominance and cultural background, in two countries, with Western and Eastern European culture and possible different ethnic subgroups. A complementary task was a quantitative analysis to check whether there are any statistically significant correlations between the finger-counting patterns and culture, gender, or marks in math.
Method

Participants
One hundred and twenty children, aged from 10 to 12, of whom 53% were males and 93% were right-handed, from different cultural backgrounds and with their permanent residence in either Spain or Russia, participated in this study. Informed consent was given by their parents and themselves. Their cultural-ethnic origins (about 12% of parents were of mixed cultural groups) were the following: 49% Russia (native); 40% Spain (native); 1-5% Belarus, Ukraine, Israel, Azerbaijan, Armenia, Georgia; and less than 1% Morocco, Japan, India.
Instruments and methodology
The children were tested and registered individually with the following instructions:
1) "Please, write your name" (or the child's writing was just observed during class or when doing homework, to confirm which hand is dominant). None of the children used or had been taught to use their fingers in counting, either at home or in school. Additional information (cultural background, hand use, grades in math) was obtained from their parents and teachers. The data were processed by Excel and SPSS v.19 . Compliance with Ethical Standards: All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.
Results
Children aged 10-12, of whom 53% were males and 93% right-handed, participated in Spain and Russia in the test of finger counting from 1 to 10. Their culturalethnic origin (about 12% of parents were of mixed cultural groups) was the following: 49% Russia (native); 40% Spain (native); 1-5% Belarus, Ukraine, Tatarstan, Israel, Azerbaijan, Armenia, Georgia; and less than 1% Morocco, Japan, India.
Since the children were from the whole class/grade group, their marks in math (final mark of the previous semester) were heterogeneous and could reflect average population statistics: 22% "satisfactory, " 62% "good, " and 16% "excellent. " Of the pupils who received an "excellent" mark in math, the following is the percentage distribution for finger counting:
Representation of the number 1: with the thumb 23%; index finger 15%; little finger 62%; and of the number 6: thumb 54%; index finger 8%; little finger 38%.
Way of moving fingers: 69% opened their fingers, 30% closed them, and 1% used open hands and just pointed with the index finger of the other hand to move from one finger to another.
Right hand used to start counting: 87% in the Spanish-based population and 56% in the Russian one. No statistically significant difference was observed in the finger-counting pattern between the two main groups -Spain and Russia; neither cultural influence was statistically significant. 56% in Russia and 77% in Spain used the right hand to start counting; 59% in Russia and 65% in Spain started counting with the thumb, followed by index, middle, ring, and little finger. The percentages of starting to count with the index finger were 12% in Russia and 6% in Spain; with the little finger, it was 32% and 17%, respectively. The patterns of starting with the thumb, index, and little finger for the number 6 by the other hand were 70% vs. 75%, 5% vs. 4%, and 23% vs. 21% in Russia and Spain, respectively.
Independently of which hand was dominant, the frequency of the pattern thumb-index-middle-ring-little finger in both hands was observed in 59% of families where parents belong to the same culture vs. 50% in heterogeneous (mixed) cultures. Correlational analysis performed for the whole group did not reveal any statistically significant correlation of the finger-counting pattern with such factors as cultural background, gender, or mark in math. However, the difference in the finger-counting pattern was statistically significant (rho = .30, p = .009) in relation to hand dominance. Other weak, but statistically significant differences were observed in the patterns of the finger used for the number 1 and the hand chosen to start, with a negative sign (rho = .254, p = .028) and between the patterns in fingers used for the numbers 1 and 6 (for different hands), with a positive sign (rho = .291, p = .011).
Discussion and conclusion
Although the study was performed in two countries, Spain and Russia, the children represented such cultures as those of Spain, Russia, Japan, Morocco, Armenia, India, Belarus, Ukraine, Israel, Georgia, and Azerbaijan (all of them resided in either Spain or Russia). The most frequent pattern was to start counting using the thumb (the highest frequency observed with either hand), then to start with the little finger and the index finger (the least frequent, although nobody started counting with the middle or ring finger). This pattern is consistent with the results reported by Lindemann et al. (2011) , obtained for Western countries, although the preferred hand to start with was the right one here for both Western (Spain) and Eastern (Russia) samples, with all 12 ethnic subgroups.
The preferred hand to start counting with was the right in the Spanish (Western) population, with 77% of total frequency, which coincides with the results of Lindemann et. al. (2011) for the Middle Eastern group (Iran) (but not for Western one) and with French (Western) population results in the study by Sato et al. (2008) . The Russian results in our study show that in 56% of cases the right hand was used to start and in 44% the left hand. Thus there is no clear preference as to hand in our study, which is comprehensible also since Russian culture is a kind of bridge between Western and Eastern cultures and combines parts of both cultures.
The differences in the frequency of the finger-counting patterns might suggest cultural-individual differences in performance; however, the correlational analysis did not reveal that these differences were statistically significant, either for gender or for mark in math. However, hand dominance was a significant predictor of the preferred hand with which to start counting: Taking into account the negative sign for relationship and the codification pattern used for the fingers (1 -thumb, 2 -index, 3 -middle, 4 -ring, and 5 -little finger), the results suggest that righthanders would prefer to start counting with the little finger and left-handers with the thumb. Moreover, the relationship between the fingers used to start in either hand (for the numbers 1 and 6) was also statistically significant; since this correlation had a positive sign, the conclusion we derived is that it is more likely use the same finger to start. To sum up, the conclusion from this preliminary study is that we observed some cultural differences in finger counting from 1 to 10, and also in the percentage of which hand and finger was used to start. The preferred finger to start counting was the thumb, then the little finger, and least the index finger.
The pupils who had an "excellent" mark in math performed the preferred pattern for the whole group for numbers 6 to 10, although, the preferred pattern for numbers 1 to 5 was to start from the little finger (higher percentage in use). However, these differences were not confirmed by correlational analysis and a statistically significant relationship was shown only between finger-counting pattern and hand dominance. Further studies with more participants are required to determine the cross-cultural and hand dominance effects on finger-counting patterns.
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